12 United States Patent

US010893963B2

(10) Patent No.: US 10,893,963 B2

Slazas et al. 45) Date of Patent: Jan. 19, 2021
(54) STENT DELIVERY WITH EXPANSION (56) References Cited
ASSISTING DELIVERY WIRE
U.S. PATENT DOCUMENTS
(71) Applicant: DePuy Synthes Products, Inc., |
Raynham, MA (US) 1610685 A 9/1986 Silvestrni
610, 1lvestrini
(72) Inventors: Robert Slazas, Raynham, MA (US); (Continued)
Juan Lorenzo, Raynham, MA (US); B .
Lacey GOI'OChOW,, P{‘Elyn_hanl:J MA ([JS),, FOREIGN PATENT DOCUMENTS
Pedro Pedroso, Raynham, MA (US)
AL 0701800 Al 3/1996
(73) Assignee: DePuy Synthes Products, Inc., CN 101254046 A _ 8/2008
Raynham, MA (US) (Continued)
(*) Notice: Subject to any disclaimer, the term of this OTHER PUBLICATIONS
patent 1s extended or adjusted under 35
U.S.C. 154(b) by 70 days. Ansaar T. Rar et al., “Cerebrovascular geometry in the anterior
circulation: an analysis of diameter, length and the vessel taper”, J
(21) Appl. No.: 16/152,035 Neurolntervent Surg 2013; 5: 371-375_ doi: 10_ 1136/neurintsurg-
2012-010314; Apr. 4, 2012.
(22) Filed: Oct. 4._, 2018 (Continued)
(65) Prior Publication Data
US 2020/0038209 A1 Feb. 6, 2020 Primary Examiner — Melanie R Tyson
(74) Attorney, Agent, or Firm — Troutman Pepper
Related U.S. Application Data Hamilton Sanders [.IP
(62) Daivision of application No. 16/056,065, filed on Aug.
6, 2018, now Pat. No. 10,578,848. (57) ABSTRACT
(51) Int. Cl. H A method for implanting a stent by providing an implanta-
A61l 2/95 (2013-0:-) tion system 1ncluding a catheter, an expandable element, and
A6ILE 2/90 (2013-0;~) a delivery wire, moving a {first portion of the expandable
AGLE 2/82 (2013.01) clement to exit the catheter, and maintaining a second
(52) U.S. Cl. portion of the expandable element within the catheter to
CPC e A6lF | 2/95 (2013'91)5 AGLE 2/7 0 establish a partially implanted configuration. Then moving
(2013.01); A61F 2002/523 (2013.01); the delivery wire independent of the expandable element in
. Iy P P
(Continued) the partially implanted configuration, and enlarging a cir-
(58) Field of Classification Search cumierence of the expandable element 1n response to the

CPC .. A61F 2/95; A61F 2/962; A61F 2/966; A61F
2002/9505; A61F 2002/9534; A61F
2002/011

See application file for complete search history.

20,
200 "~ )
102 | | / 112
{104 ' s 206 /
P ) f : /!
b \y 7 S AN
i f__'; PR

moving the delivery wire.

4 Claims, 14 Drawing Sheets

20 .
200 A

112

a r | 'l-' 1{} "'.,\‘
, / TN 202 ,
* : “ . : NS :
' . . : W . . — _"'-_.
4! By 7 e iy , 'ri- g ‘s 4 . o ] - e i 2 - g h PR - - R —f'-lllll-l-l
SR S TR ATt N ! IR VLT o R ISP SEERY 1ol /
IR 0 o SRR Tnes RoPAO g iy, o) | LRI R R
AN R 560 % ¥ AN N , R’ ) L Gl SN
fr— SR R R - - LSS G O A e R
. ; Retadaic ilade - = . ' _-r;!ﬁ M- ﬁh& 20Nl B oy RS .ﬁh S M A *
. :_-!’ -'r ———— Eﬂa f" r'.-' 'y o j ; T}" \1#
i L - 120 vy '\ i i 2004 $14 = W N
“ o, . p [ ’ | “"‘--..__ ) LI
. 118 210 - ) .'" ! =120 PP \
T - ! i 214 A )
8 204 - , 3 - /:
106 1 "'!..'-_“i. - )

318 -7



US 10,893,963 B2

Page 2

(52) U.S. CL

(56)

CPC

4,754,685
5,004,435
5,282,824
5,330,500
5,382,259
5,387,235
5,423,849
5,476,508
5,522,881
5,549,602
5,550,413
5,601,593
5,609,627
5,645,558
5,602,622
5,702,418
5,725,549
5,728,131
5,755,772
5,769,887
5,770,161
5,817,126
5,849,037
5,851,217
5,899,935
5,910,235
5,916,264
5,961,546
0,010,529
6,015,432
6,033,436
0,036,725
6,051,020
6,099,559
0,110,198
123,722
123,723
, 152,956
,161,399
, 165,213
, 168,021
, 176,875
0,264,083
0,280,465
0,319,278
0,325,823
6,348,066
6,409,755
0,488,702
0,612,012
6,626,936
6,635,080
0,673,106
6,699,277
6,740,113
6,673,107
0,770,089
6,818,013
0,833,003
0,899,914
6,911,040
6,918,928
6,929,659
0,945,994
6,955,085
6,960,227
0,960,228
6,970,734
7,001,422

N OO ON O OV O

U.S. PATENT DOCUM

el A o A R i g g g gl g g g i S g G S g g gl g it g g B i g

A61EF 2002/9505 (2013.01); A6IF

2210/0014 (2013.01); A61F 2250/0095

References Cited

7/1988
11/1991
2/1994
7/1994
1/1995
2/1995
6/1995
12/1995
6/1996
8/1996
9/1996
2/1997
3/1997
7/1997
9/1997
12/1997
3/1998
3/1998
5/1998
6/1998
7/1998
10/1998
12/1998
12/1998
5/1999
6/1999
6/1999
10/1999
1/2000
1/2000
3/2000
3/2000
4/2000
8/2000
8/2000
9/2000
9/2000
11/2000
12/2000
12/2000
1/2001
1/2001
7/2001
8/2001
11/2001
12/2001
2/2002
6/2002
12/2002
9/2003
9/2003
10/2003
1/2004
3/2004
5/2004
6/2004
8/2004
11/2004
12/2004
5/2005
6/2005
7/2005
8/2005
9/2005
10/2005
11/2005
11/2005
11/2005
2/2006

Kite

Porter
(lanturco
Song

Phelps et al.
Chuter
Engelson
Amstrup
[.entz
Fordenbacher
Lam

Freitag
(Goicoechea
Horton

Gore
Ravenscroft
[Lam
Frantzen
Evans et al.
Brown
(Globerman
Imran

Frid
Wolft
Ding
Guglielmi
Von Oepen

Robinson et al.

Herweck
Rakos et al.

Steinke

Avellanet
(Goicoechea
Nolting
Fogarty
Fogarty et al.
Konya et al.
Pierce
Jayaraman
(Goicoechea
Vrba

[.enker

Stack et al.
Cryer

Quinn
Horzewski
Pinchuk et al.
Vrba

Besselink

Mitelberg et al.

Stinson

Lauterjung et al.

Mitelberg

Freidberg et al.

Vrba
Brandt
Hong et al.
Mitelberg
Jones
Schmitz
Johnson et al.
Wolinsky
Pinchuk
Austin et al.
Escamilla
Jones

Mitelberg et al.

Eidenschink
Escamilla

CNTS

(2013.01)

7,037,331
7,122,052
7,201,769
7,208,008
7,267,085
7,288,111
7,291,167
7,309,351
7,344,559
7,462,190
7,480,973
7,628,806
7,632,302
7,641,647
7,655,031
7,655,034
7,708,773
7,758,629
7,701,138
7,806,919
7,806,923
REA42,244
7,913,371
7,985,213
7,998,187
8,021,418
8,043,353
8,043,357
8,048,139
8,092,510
8,142,456
8,152,833
8,182,523
8,187,316
8,357,194
8,372,133
8,394,119
8,449,600
8,502,600
8,579,959
8,597,276
8,641,748
8,672,992
8,709,005
8,734,501
8,778,008
8,810,247
8,804,811
9,078,731
9,301,864
9,320,590
9,339,260
9,427,343
9,532,792
9,532,873
9,533,344
9,539,011
9,539,022
9,539,122
9,539,382
9,549,830
9,554,805
9,561,125
9,572,982
9,579,484
9,585,042
9,615,832
9,615,951
9,622,753
9,636,115
9,636,439
9,642,675
9,655,033
9,655,045
9,655,989
9,602,129
9,602,238
9,662,425
9,608,898

B2
B2
B2
B2
B2
Bl
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2

B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
Bl
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2

B2

5/2006
10/2006
4/2007
4/2007
9/2007
10/2007
11/2007
12/2007
3/2008
12/2008
1/2009
12/2009
12/2009
1/201
2/201
2/201
5/201
7/201
7/201
10/201
10/201
3/2011
3/2011
7/2011
8/2011
9/2011
10/2011
10/2011
11/2011
1/201
3/201
4/201
5/201
5/201
1/201
2/201
3/201
5/201
10/201
11/201
12/201
2/201
3/201
4/201
5/201
7/201
8/201
10/201
7/201
4/201
4/201
5/201
8/201
1/201
1/201
1/201
1/201
1/201
1/201
1/201
1/201
1/201
2/201
2/201
2/201
3/201
4/201
4/201
4/201
5/201
5/201
5/201
5/201
5/201
5/201
5/201
5/201
5/201

6/201

e I e e J s J s J e

-~ ~1 ~1~1 ~1~1] ~1~1~1~1~1~1~1~1~1~-1~-1~1~1~1~-1~A~-1~-1~1~1Sv"O"OOwnbbhbbhbbbDbWUbw bbb

Mitelberg
Greenhaigh
Jones et al.
Clarke

Butaric
Holloway et al.
DiCaprio
Escamilla et al.
Gray
[.ombardi
Miller
Yampolsky et al.
Vreeman et al.
(GGunderson

Tenne et al.
Mitchell et al.
Pinchuk et al.

Holloway et al.
Wang

Bloom et al.
Moloney
Boatman
Klocke

Parker

Hartley et al.
Gerberding
Kaufmann et al.
Hartley

Frid et al.
Metcalf et al.

Rosqueta

aver

Tenne et al.
Kuppurathanam
Majercak

Douk et al.
aver

Hartley et al.
Bonsignore
Ducke
Vongphakdy et al.
Hebert et al.
Orr

Chobotov
Hartley et al.
Amplatz et al.
Janardhan et al.
Kao

Mortarino

Kao

aver
FEidenschink et al.
Bogert

(Galdonik et al.
Kelley

Monetti et al.
Chen et al.
Bowman

Burke et al.
Nelson
Bruszewski et al.
Tompkins et al.
Bowman et al.
Burnes et al.
Barnell
Dinsmoor et al.
Bose et al.
Bennett et al.
Cox

Henry et al.
Chu et al.
Werneth et al.
Leynov et al.
Staunton
Cruise et al.
(Galdonik et al.
Dwork et al.
Lilja et al.
Wong



US 10,893,963 B2

Page 3
(56) References Cited 2007/0156230 A1 7/2007 Dugan
2007/0167955 Al 7/2007 Amault De La Menardiere et al.
U.S. PATENT DOCUMENTS 2007/0191922 Al 82007 Hartley
2007/0203503 Al 8/2007 Salahich
90675477 B2 6/2017 Thompson 2007/0208373 Al 9/2007 Zaver et al.
9,675,782 B2 6/2017 Connolly 2007/0213810 Al 9/2007 Newhauser
0,676,022 B2  6/2017 Ensign 2007/0219612 Al 9/2007 Andreas
0,692,557 B2 6/2017 Murphy 2007/0219613 Al 9/2007 Kao
0,693,852 B2 7/2017 Lam et al. 2007/0233223 Al 10/2007 Styrc
0700262 B2  7/2017 Janik et al. 2007/0233224 Al  10/2007 Leynov
9,700,399 B2  7/2017 Acosta-Acevedo 2007/0238979 Al 10/2007 Huynh
0,713,523 B2  7/2017 Zacharias 2007/0255385 Al  11/2007 Tenne et al.
9,717,421 B2 /2017 Griswold et al. 2008/0009934 Al 1/2008 Schneider et al.
0,717,500 B2  8/2017 Tieu et al. 2008/0009938 Al /2008 Huang
0,717,502 B2  8/2017 Teoh et al. 2008/0071307 Al 3/2008 DeBruyne et al.
9,724,103 B2 /2017 Cruise et al. 2008/0140172 Al 6/2008 Carpenter
0724.526 B2  8/2017 Strother et al. 2008/0221664 Al  9/2008 Bales et al.
9,750,565 B2 9/2017 Bloom et al. 2008/0221670 Al 9/2008 Clerc
0,757,260 B2  9/2017 Greenan 2008/0243227 Al 10/2008 Lorenzo
0.764.111 B2  9/2017 Gulachenski 2008/0288046 Al  11/2008 Hemerick
0,770,251 B2  9/2017 Bowman 2009/0005848 Al  1/2009 Strauss
9,770,577 B2  9/2017 Li 2009/0030501 Al 1/2009 Morris
9,775,621 B2  10/2017 Tompkins et al. 2009/0076594 Al 3/2009 Sabaria
0775706 B2 10/2017 Paterson 2009/0082844 Al  3/2009 Zacharias
0,775,732 B2  10/2017 Khenansho 2009/0082845 Al  3/2009 Chobotov
0,787,260 B2  10/2017 Lehtola 2009/0082847 Al  3/2009 Zacharias
0,788,800 B2  10/2017 Mayoras, Jr. 2009/0163951 Al 6/2009 Simmons
9,795,391 B2  10/2017 Saatchi et al. 2009/0192588 Al 72009 Shin
9,801,980 B2 10/2017 Karino et al. 2009/0198315 Al 8/2009 Boudjemline
0,808,599 B2  11/2017 Bowman 2009/0248133 Al  10/2009 Bloom
0,833,252 B2 12/2017 Sepetka 2009/0287145 Al  11/2009 Cragg
0,833,604 B2 12/2017 Lam 2009/0326640 Al  12/2009 Yoshimura
9,833,625 B2  12/2017 Waldhauser et al. 2010/0010619 Al 1/2010 Tischler
10,076,428 B2  9/2018 Gorochow 2010/0010622 Al 1/2010  Lowe
2001/0021873 A1 9/2001 Stinson 2010/0069948 Al 3/2010 Veznedaroglu
2001/0025195 Al 9/2001 Shaolian 2010/0161028 Al 6/2010 Chuter
2001/0049554 Al 12/2001 Ruiz et al. 2010/0161036 Al 6/2010  Pintor
2002/0095205 Al 7/2002 Edwin 2010/0234935 Al 9/2010 Bashir
2002/0111671 Al 8/2002 Stenzel 2010/0274282 Al 10/2010 Olson
2002/0151953 A1 10/2002 Chobotov 2013/0245745 Al 972013 Vong et al.
2002/0151956 A1 10/2002 Chobotov 2014/0200648 Al 72014 Newell et al.
2002/0188344 Al  12/2002 Bolea 2014/0277332 Al 9/2014 Slazas et al.
2002/0198587 Al  12/2002 Greenberg et al. 2015/0025625 Al 172015 Rylski et al.
2003/0009211 A1 1/2003 DiCarlo 2015/0148882 Al 52015 Ma et al.
2003/0055493 Al  3/2003 Carpenter 2017/0007264 Al 1/2017 Cruise et al.
2003/0114922 Al 6/2003 Iwasaka 2017/0007265 Al 1/2017 Guo et al.
2003/0144725 Al 7/2003 Lombardi 2017/0020670 Al /2017 Murray et al.
2003/0225448 Al 12/2003 Gerberding 2017/0020700 AL 12017 Bienvenu
2004/0015229 Al 1/2004 Fulkerson 2017/0027640 Al 2/2017  Kunis et al.
2004/0024416 Al 2/2004 Yodfat et al. 2017/0027692 Al 22017 Bonhoeffer
2004/0044399 Al 3/2004 Ventura 2017/0027725 Al 2/2017  Argentine
2004/0073291 Al 4/2004 Brown 2017/0035436 Al 2/2017 Morita
2004/0167619 Al 8/2004 Case 2017/0035567 Al 272017 Dutly
2004/0236406 Al 11/2004 Gregorich 2017/0042548 Al 2/2017 Lam
2004/0254637 Al  12/2004 Vang 2017/0049596 Al  2/2017 Schabert
2005/0010281 Al  1/2005 Yodfat et al. 2017/0071737 Al 3/2017 Kelley
2005/0033406 Al 2/2005 Barnhart 2017/0072452 Al 3/2017 Monett1 et al.
2005/0043784 Al 2/2005 Yampolsky et al. 2017/0079671 Al 3/2017 Morero
2005/0049668 Al 3/2005 Jones et al. 2017/0079680 Al 3/2017 Bowman
2005/0049669 Al  3/2005 Jones et al. 2017/0079766 Al 3/2017 Wang
2005/0049670 Al 3/2005 Jones 2017/0079767 Al 3/2017 Leon-Yip
2005/0125051 Al 6/2005 Eidenschink 2017/0079812 AL 3/2017 Lam et al.
2005/0131516 Al 6/2005 Greenhalgh 2017/0079817 Al 3/2017 Sepetka
2005/0148866 Al  7/2005 Gunderson 2017/0079819 Al 3/2017 Pung et al.
2005/0234536 Al 10/2005 Mitelberg 2017/0079820 Al 3/2017 Lam et al.
2005/0257674 Al 11/2005 Nishri et al. 2017/0086851 Al 3/2017 Wallace
2005/0283220 Al  12/2005 Gobran 2017/0086996 Al 3/2017 Peterson et al.
2005/0288775 Al  12/2005 Dong 2017/0095259 Al 4/2017 Tompkins et al.
2006/0015173 Al 1/2006 Clifford 2017/0100126 A1~ 4/2017 Bowman et al.
2006/0069424 Al 3/2006 Acosta 2017/0100141 Al 4/2017 Morero et al.
2006/0195175 Al 82006 Bregulla 2017/0100143 A1 4/2017 Grandfield
2006/0212113 Al 9/2006 Shaolian et al. 2017/0100183 Al 4/2017 laizzo
2006/0271153 Al* 11/2006 Garcia ............. A61B 17/12022 2017/0113023 Al 4/2017 Steingisser et al.
623/1.11 2017/0147765 A1 5/2017 Mehta
2006/0287717 Al  12/2006 Rowe 2017/0151032 Al 6/2017 Loisel
2007/0005127 Al 1/2007 Boekstegers 2017/0165062 Al  6/2017 Rothstein
2007/0043432 Al 2/2007 Perouse 2017/0165065 Al 6/2017 Rothstein
2007/0060994 Al  3/2007 Gobran 2017/0165454 Al  6/2017 Tuohy
2007/0100427 Al 5/2007 Perouse 2017/0172581 Al  6/2017 Bose et al.



US 10,893,963 B2

Page 4
(56) References Cited FOREIGN PATENT DOCUMENTS
U.S. PATENT DOCUMENTS CN 102271620 A 12/2011
CN 103347466 A 10/2013

2017/0172766 Al 6/2017 Vong et al. DE 202008014828 Ul 2/2009
2017/0172772 Al 6/2017 Khenansho DE 102011015995 A1  10/2012
2017/0189033 Al 7/2017 Sepetka et al. DE 10 2014 113836 Al 3/2016
2017/0189035 Al 7/2017 Porter EP 0894505 A2 2/1999
2017/0196689 Al 7/2017 Salahieh EP 1488763 A2 12/2004
2017/0215902 Al 8/2017 Leynov et al. EP 1634546 Al 3/2006
2017/0216484 Al 8/2017 Cruise et al. EP 2545887 Al 1/2013
2017/0224350 Al 8/2017 Shimizu et al. EP 2 777 642 Al 9/2014
2017/0224355 Al 8/2017 Bowman et al. EP 2777638 Al 9/2014
2017/0224467 Al 8/2017 Piccagh et al. EP 2777649 Al 9/2014
2017/0224511 Al 8/2017 Dwork et al. EP 2915509 Al 9/2015
2017/0224953 Al 8/2017 'Tran et al. EP 3311 782 Al 4/2018
2017/0231749 Al 8/2017 Perkins et al. FR 2939637 Al 6/2010
2017/0252064 Al 9/2017 Staunton JP 3-503246 A 7/1991
2017/0265870 Al 9/2017 Kealey et al. JP 11-57010 A 3/1999
2017/0265983 Al 9/2017 Lam et al. JP 11-57020 A 3/1999
2017/0281192 A1 10/2017 Tieu et al. JP 2004-267750 A 9/2004
2017/0281331 A1  10/2017 Perkins et al. WO 1989/008433 Al 9/1989
2017/0281344 A1 10/2017 Costello WO 909/43379 Al 9/1999
2017/0281375 A1 10/2017 Longo WO 2001/015632 Al 3/2001
2017/0281909 Al  10/2017 Northrop et al. WO 01/35864 Al 5/2001
2017/0281912 A1  10/2017 Melder WO 2001/058384 Al 8/2001
2017/0290593 A1  10/2017 Cruise et al. WO 2001/072240 A1  10/2001
2017/0290653 A1 10/2017 Folan et al. WO 2005/087138 Al 9/2005
2017/0290654 A1 10/2017 Sethna WO 2008/130530 A1  10/2008
2017/0290686 A1 10/2017 Sirhan WO 2018/082440 Al 6/2012
2017/0296324 A1  10/2017 Argentine WO 2012/096687 Al 7/2012
2017/0296325 A1  10/2017 Marrocco et al. WO 2013/126299 Al 8/2013
2017/0303939 A1  10/2017 Greenhalgh WO 2013/151793 A1 10/2013
2017/0303942 A1 10/2017 Greenhalgh et al.
2017/0303947 Al  10/2017 Greenhalgh
2017/0303948 Al 10/2017 Wallace et al. OTHER PUBLICAITONS
2017/0304041 A1 10/2017 Argentine _
2017/0304097 A1 10/2017 Corwin et al. MIG-WELDING.CO.UK; Excerpt from with comment of Jun. 29,
2017/0304595 A1  10/2017 Nagasrinivasa 2011 on pictures of welds. remove 141.
2017/0312109 Al 11/2017 Le Mitcale.com; Welded connections excerpt, downloaded Dec. 6,
2OT7/0312484 AT 11/20__h7 Shipley et al. 2012 remove 141,
2017/0316561 A1 11/2017 Helm et al. . .
2017/0319826 Al 11/2017 Bowman Navigate Tough Anatomy; brochure Copyright 2009; Codman &
27017/0333228 Al 11/2017 Orth et al. Shurtleff, Inc., 325 Paramount Drive, Raynham, Massachusetts
2017/0333236 A1 11/2017 Greenan remove 141.
2017/0333678 A1 11/2017 Bowman Plug Weld Joining Two Plates; Excerpt from esabna.com, down-
2017/0340383 A1 11/2017 Bloom et al. loaded Dec. 6, 2012 remove 141.
2017/0348014 Al 12/2017 Wallace Extended European Search Report issued in corresponding Euro-
%8*;,//83333 é"ﬁ‘ ir 1%81; ggg;lhj;ﬂl pean Patent Application No. 19190059.6 dated Jan. 8, 2020.
20:8/0263794 A 9/203:8 Qlazas et al Extended European Search Report 1ssued in corresponding Euro-
27019/0015229 Al 1/2019 Fukutaki pean Patent Application No. 19 21 9438 dated Apr. 7, 2020,
2019/0053899 Al 2/2019 Levi
2019/0224008 A1 7/2019 Bressloff * cited by examiner




[ 'Ol

US 10,893,963 B2

Ol 901

.................................................................................. ..ﬁ ...,__-.__._..i..._.__.. Mo S A g - e, R R | R L R I N e e L o 1—&— _nbﬁ-r.._r..l.__. .

.............................................

B OO m‘mﬁmﬁ%ﬁ&ﬁ&mﬁ@muw,_“.__w}ﬂw}_hﬁmﬁﬁﬁ@mﬁ@ @%@@Mﬁ%ﬁﬁ% ..... SR —

Sheet 1 of 14

..........................................
..........................................
" FFFFFPFrrCrrorrerrrr 11111111111111111111111111______—.—._—._—._—.—.—._—._—._—._—._—._—._—.—.—.___—._—._—._—._—._—._—._—.—.__T_T_v_vv__v —._—.____—.—._ _—._—._—._—.___—._____—._—._______—.__ ______—.___—._—._—._—._—.—.—._—.—.—._—._—.—. T_T_T_Tvvv—.vv_—._—._—.—.—._—._—._—.—.—._—._—._—.—.—.—.—._—._—._—.—.—._—.—.—.—.—._—._—.—.—._—.—.—.—._—.—.—.—._—._—.—.—._T_T______ 1111111111111111111111111111111111111111
.................................................................................................................................................................................................................................................................................................................
1111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

Jan. 19, 2021

O_‘ ww m.m ”
pOL 201 —/

/7 002 0L

chi

U.S. Patent



US 10,893,963 B2

Sheet 2 of 14

Jan. 19, 2021

U.S. Patent

V< DId

\ pLL 90}

v0c Ocl 801

o P a et
s Pt xj i%% oo I

¢0¢

14822

801 0}
00c

902
chi

001



US 10,893,963 B2

Sheet 3 of 14

Jan. 19, 2021

U.S. Patent

d¢ DId

Q¢

801

901 _

001



JC DId

US 10,893,963 B2

.4

—

= \o: 90}
M b0Z 01

2 0L2 911

7 - 207 601

—_ , 2% s | S
S SRS ﬁwdﬂﬂi‘.
Q RNl et tete, SEEITIe e it P P ——

ﬁl....? ............ P, . 2 4 ‘l

J ..... — _ | gl lr'."
= 0z}

- 202

01 _
0L

Ll 201

07 00c
00}

U.S. Patent




d¢ Dld

US 10,893,963 B2

Sheet 5 of 14
N

L]
.-_-I..r

" oA L | -
2 e Kk B . R R p ..,”
- . LA __...u_q._. T ) : n Y __..“-_q._. -. ._. =
PR - " » [ ' | ; -.I‘ . I‘ —n—r—— - ‘
TR e L v, ot ﬁ. ‘.
. o . * * N ’ * f ?-!r.‘-r“llrl ) )
- a,, n - o, n - .l.
o T - b A b LI el IS - _-u-W
R I ol T L T " ey
" » ] LA N ",

" y
g ey . . S ey T N s WL T T T T o T T T . eI T T T T T I R

Jan. 19, 2021

0¢

004

U.S. Patent



US 10,893,963 B2

Sheet 6 of 14

Jan. 19, 2021

U.S. Patent

H¢ "DIA

801

901




AC DIA

US 10,893,963 B2

\\ il 901{
V02 301

Sheet 7 of 14

lu-u.# ”-_ i N A . ) |.”.
......... 2 %ﬁ _1_‘. %ﬂ‘.
.r-_- .. L)
S e —

: - o - - & o = o » 5 - - = — - —
i - by A e,
- - » n ] - " » .
ri n - ol - i n - =] .-“nn- .-..“-".! - i
" r y r y " " r ] " r _"-n y
- o e e - v e - " T . - ”-_. uu-suuﬁ _._nlu.._ .._n”- -
" ¥, r . Yo KT T R o, Kl &7 o 1...u--._ ._.-r_.r -u-ﬂ..
Yo " e At LR L R e R uu-r____ _q._...n_- "
e e e T S v v N
) -. a
- | I | h J X
. . N O e
' - w 4, n - n
n - 4, o7 ]
I el I - b o T
- ;
'y K »
N
"
-

AV A

Jan. 19, 2021

o}
148}

601 Ol
00¢

chi

0c

001

U.S. Patent




US 10,893,963 B2

Sheet 8 of 14

Jan. 19, 2021

U.S. Patent

D¢ DA

801

901




US 10,893,963 B2

Sheet 9 of 14

Jan. 19, 2021

U.S. Patent

Ob L

H< Dld

801

901




U.S. Patent Jan. 19, 2021 Sheet 10 of 14 US 10,893,963 B2

FIG. 3C

113

F1G. 3A

113

113

F1G. 3B




U
N
. P
at
e
n
t
Ja
1l
1o
9 20
21
S
_y
1
of
14
U
S
10
389
3
996
3
B

2

e
III -
IIlI.-_'
-llllllI .-.
IIl-l-II' I'_‘
I-I-Illi"l'.- H
ll'llll"ll"' -I
“““-.:“ - e
» -Il.::ll- ll- -
,.:.:".-““ ] -.-“
- .-.:' ‘:“ .- ““_'
. .:': 'Il':l I'.:.::I-'
o . " . ““ .-.:.'-1--
-.'-.,‘ : -.-_ : :.:-':;:
[ ] " - II II L ] II-II'I [ ] g
O e "'.'::::::'-:_:.1
u | llll " . " -
" u n IIII n { ':.: "ur "““
. I.:-ll u .y u n . “ll
IIIH .: o H ) = - ) .:: -
lllll! lill l.: -. = . ““ ) .
| nllnll lll ! u " - .
:lllllll III llllll .. || | || . ;:_
lﬂllﬂlllll Il Il!llﬂll | f Il .- ] ‘:_
Illlllilllllllll Illllllilllllll ll.. "
Ililllllllllllllll IHIIII Illlllll | Il .:I .
Ilﬂllllllllﬂllllllllﬂllll Illlllll IIIH | || .-. “u
anamnl nunnanaumlnnmlm llllllll {lll ..: ;..
mma ||nl||nna.:allnmlmmnmmlnlm llil l.:n{. '_'
F Hﬂﬂﬂlllllllﬂll Illlﬂlﬂlﬂllllllllﬂllﬂ ll || Il..III .
4 xﬂxﬂlﬂlﬂlﬂlﬂlﬂlﬂlﬂlﬂlﬂl Illlllllllllill .hlllll Ill | .. “»
P xxxﬂﬂﬂlﬂillililllilﬂllﬂﬂlllil l;l:llllnmlnlllnlal | llllnl:ln lll..:.. .. ."
a:uxnxannaa:“a:lnn:“alﬂ :l:lallll:lnn.ﬁ:nnlnnla .:Iilllll llll .hﬂ .-.- .
:unx:uxa:unxnmmamam:ll:mmlmn lnmaxanll IIII.:I III.- n:::“.- ' -
x--==-==~===--=-----::':::::..:::::::::::::::.::.::. i =
.-.h...;.:h = .
:::::::::::::::::::::::::::::lanmﬂmm nlnnl:lalllnlln:l:::: l:::'. l:: | : l:. “»
i i!H?dHH?di!?l?di!?l?lHl'F'?llHH?lHIl?lH?lHilll.hlﬂllillllllilllllﬂlllll .. n -.. -
F HHHHHFHPHHHHHP-"II'HHIHHHHHIIEIIIII Illlllllllll lllllllll I...llllll 2.. ..-.. - ..
i'dHRHH?lHH?dF'Hl'HHH|l"ll"-'lilHIHlﬂllllﬂllﬂlllﬂlllllnlll Il'-IIIIIl | llllll - -' ..
e :
.:::::_:__ g
.. -..
i
._.___h
W“xm“mw““w“p ; ;-xxxp1|l;lx:ll'I-'Px?lRHlHH?lIﬂlllllﬂlllﬂlllﬂllllllll . .“l .-.- u
. x,,,xxm.ﬂ;m:xppax 1.-;:1- p- ua;uxr1-';-x;l'xxxH?:iIxHxaxx:ln:llla;lﬂa;l:lnl:lnmlnlllnlllnil :h.......- n
L mw.,““““““mﬂ o :n-xn:!x1-:uxu:!x;-:uan:uxiu:uxa:um:lmnm:lmlm:lm:l:::::“ .- ...“- o
x“m.,.“w,“““mm ;-x.--x;-x.--:una;uxa:una;.x;.;u;|a:|nalll!lﬂlll"::::::“““-. o ..;.. .:l. n
xpm.-p;mp-mv;-ppﬂ-ppxpr -lF'?!l'F'il'?-'F'i!H?li!I?lil?l?d?!IHilIlHlllll:l:'-l-.----.- .- .-.-. i
33::::::::::::::33::* ’"**::::::::::::::5EE5EEEEE:E:::::::::::::::::::E::::EEE =
lﬂﬂ?ﬂiﬂ?ﬂ?ﬂ?‘?’?‘?‘?‘""ﬂ’?"ﬂ"xﬂ' x"xF::::::::::HHH?lilHIﬂﬂﬂlﬂﬂxlllllllﬂlllﬂllll IIII
. E J "”::::::::’::::"3:" "::****:::::::::::::::::::::::::::::::::::::::::.".:..
—— nx:;::' : 1l:imw-n- x’::xr:uxx:u:-'n:laal:lan:!llnuxn:Innl:::::::::::::::::::::ﬁ::.
._
L x’:‘::;” ; x::;:::E:EEEEEEEEEEEEEEEEEEEEEE:EE-.E-E::EE- h -.. ...
% ' ”":E*E::::::::::::::::::::::::..' e _:_-:::"- : -~
Pl ii"F'i!H?dillﬂilﬂ?lﬂ?tllﬂlilllilllillﬂill A lll || | Il:. ;.'
: ' : :;,:*::::::::::::::::::::::. : ":;._-:-: : »
5 J F'il?t.?dil' HIIIIIHEIIIHIHIIIIIHII .. A ' n
. ] Hi!?l.?:?l al:lal:lnmln:lnulnn:“n | | .: .. -
o ] xxxxx nmamxmmmmm .: | . o n v
; am-xn :l:la:l:lm:lalnmm . . .
n:uxu:u nlna:lm:lm:um {q::.... o "
st nh .- ; ) axaan nma:lnmlnml -....% .;'. .:....-....
i e ;-;.-_1.- i 2 » ?lilllilllllllllill n " n "
. 1.-1.- ;-w o t ; o H:l?ll:llllllllll! n : = :: :::“.-.h“ "
b . :::::::::::::::.: b = " .__ e e i
W : ::::::::::::::':::-. = o i = e
o axw:mr-:: 1- a ;uxanmlll-llll llllll Illll - n n un " n ey e . u o
T . m:::::;p;u N mxrxm-lnln.-lmlnnllmn " ) u e n -..:. - n ..“ n ..-
.: L xrwmxw:x- Fxxxxﬂﬂﬂﬂllll{ilﬂllllillll !l:u ;‘:llll:ml .. :-E ..- u -.-.- . " -.. .'“ .:-:.
.i I-I. xnxarr:x : _-::.:::Hﬂlillllll .::?lillll::::"::?l w “- u u n . u .:-.....:.: -..-. .-:.. : .--. c
= . ::EE55,.’:::,,,:**:::EEEEEEEE:..:EEEEE::::::::::";::,E:E::“ -.w_l:_:a:.._l.h,_h-: .:::::...
;x'l':l'l'l:l'l'i\'?lﬂ?dﬂ'l'.-':-:::iIHﬂ#ﬂlﬂlﬂlﬂlﬂ!ﬂlﬂlﬂlﬂlﬂﬂx u o n:uxx:u:lx x:lx:u:Iall:l?lxnllllill?lll?lilllllll.. .-'. .-. .'.- '|| .-. ...-
: _':*:::::::i::::::::::::::::::.':*u::_:a -:"'-."-.E-_h-__
“' o™ ¥ Mo mmmaxmmmmm | .“ -..- " u
:::::“ S l.h"--._-; o
'-““ = .- . . ';': ""x-"-"x"-:“"""x"m“xx"-"mm“x ¥ ; "o ;Ixnﬂaxnanﬂaaﬂanxnxﬂnnﬂaﬂll III II ll | | - |
- “-1- l-l-l- -n - :a:::::::::::::::::::mﬂ' ! a|xanHxnHHnﬂaaxxn:lnn:laxﬂxnxnxﬂmmﬂ ’x:::::::::::::x:::::::::-u:umm“mln:lﬂl?lﬂﬂiﬂﬂﬂlll!ll -. .- u .:- u o .-..- .- .::.
"-. :E::if-. e .. = = ':E.E5:.:::EEE:EEEE:EEEEEEEE:::,, : -_._. EE:'E:E::.._.
* % ¥ % annxnnmmxxamx " 3 . W " n o -.-“ u
._ : -5:-:'.; R e 2 i -. ; ® ._':'-Qa:-.
- ::E - . - o o :l:la:lru:!ﬂxﬂnnﬂnxﬂxvxaux: . . ?:?ll?l?!?llll . n I...-
5 E'E' B ."'-. "'--. 3 .EEE:;:E:E:EEEEEEEEEEEEEE::,,, ':-""::"'---._ .55:555::__
. - Tt . . .. l: _xn.m-::i!xn uﬂaﬂ:lxnﬂxa:lﬂnﬂan:lﬂa:lﬂaﬂn x;|;-1-xxxxxrrxrrxxrr:xx?ﬂ'ﬂﬂﬂﬂﬂﬂﬂ?l o
E.E e .:'"-. o % i = .':"..':' SRR :EE;"'5:555:525:5555533:::~= ::*E:5:EE:E5EEE:5EEE55E55EE‘EEEEEEE:::E:EEEEEEE:E::-
i -H:l"l'?::lﬂ?l-:l'!?;?!?!. _- wa’“;mm;xém . o » ; .
i :""- = BRI : " : "-": 2 .'"E'ﬁ%i:::::::::::::: % :5'-::::.'
e 'y W .lll n '-. " ..:.ml i““:::::::::::n: ¥ . :l:::":l:::::::::::::::HIIHHHIIHHHHHHHH'IHHI‘FPFHHH xxr:w::::::r:-x:|:::::::n::H::::::m::::::::::“m“““.h ““..““““““.:::“
. - " . .. . . ] ll'l""-".:‘:m““““wx“ : ,m,,.,..;. ;;|;x;u||n;llallI?lilH?dil?l?lHl""x?ﬂﬂ?!ﬂﬂﬂﬂﬂ?’*"::::x: ::mmw “““mm,,"“““ ,,,.mmgp.-.-xmmmm: llll'llll?l'li"I ":::":““.:_
. - L l... " u t::t . -: ::1.";! " il?li'l?lxx.u.:i::vr:“x HHHHIIHIII "lH-l-."-l-"xx"-"x-"HHxxum“::::xxnxxxxxxnxxxrx ;:xnrrxxxrvrlﬂx . ’ :IIHHHHHI"I'HHHHHIIHHH! -.- 5.:.: - - -m“". --
| ll .-l . ] ' I :Il?l:l anx:“am:a;:i:rrr > aﬂ:una:uﬂa- "::Ill uﬂ]llﬂ?tﬂ!:lxﬂ:lﬂ?ﬂ!ﬂ:!ﬂxr xrxxﬂlm'?l xx;-vﬂarxnnm' i l:lll?: mdnxxmlilﬂ?ll -.-. ¢..h . :“-“-.---
" n Ln o o 2 ™ e nmall l!l?l?lilllill o / d "
i E:E:EEEEEEEEEEEE:EE:EE:::::.:k::... : W s __" : - -:::55;55555::-;:_555555_5::55555:;;5::__
EEE ::::::::::::::::::::::::::::5555;;555:::___ 5 ::._:ﬁ;: % _..-.r. ; : :,::::;;;;;;;;;;::: ’:EEE:EE:EEEEEE f5;;5E;;::::::::::::::::::::::::::::::::,“ x:"ff::::::::5-5':331'5'&::::::::::::-
:::::::::::"::::::::::::::55::3:::::::::::::::- ':""- = F "::::::::::::::::E::,,. ":::::::::.5'. :.'::::::::::::::::::::::::::::::::,,:::::,,::::, ”:::::::::::.::::. : .:'::iii::::::ii;:__
| lHIl-Il-Il?lHlIIl-I?lHl-::::Hlllﬂlllilllilﬂlillﬂlllllﬂil ll:ll Il o . ’!-"”::x::::xuxxx :|||:|;|||l|||| ||!|:| ! nlnlIa|n||n:Ilx:!:la|l||aﬂanxxxnxxxﬂxxﬂxx?uﬂﬂ?ﬂx px-l-ﬂﬂﬂlllll. ?Il?l ""-"' ':-':--.-...
‘ ::::::::::::::::::::::""""'"'"'"""""""""‘"‘""" o e :==::-:--~==w % ----.------:::::::::::::::::::::::: *::::::::. -::::::::::::.:__:'"::::......m.....
= ::::::::::::::::::::::::::::::::EEEEEEEEEEEEEEEEEEEEEEEEE::" "-. ﬁi::::::::::::fﬁ:";, "':EEEEE::.EEEEéE.':E:::::::::::::::::::::::: i:‘:::: . v **::::::::::-:::..‘:':E:::::::EEE_E_EE::__
:III:IHIIII ;:umnxx x:-e:l'!-' -'- n-mnall
W ::::::::::::::::::'.::Il:M::Il:M::Il::Il:ill:"::Il:::::llu::'l -.. "_“ . :;EEE:::::::::::;:::;H illll:-l:::::-: E:-EEEEEEEEEEEEEEEEEEEEEEE: a ' HHE:EEEEE:EEEEEEE::-: ::::::::-.:::::::“
:ln:lllalll . - % - -:“- i . ;
':':“:':':':":':':':':':":"::::::'=':':':': 551'-E = '::::EE:::::*::::::: ::?:5:::::.:"::::;:::::::::::::::: % s ,.;;;;;::;:::::-:::;;_::__ ::::::::EE:ZE::.,.
lll lll ?l?d?l .. % . - .-'
-":x;-_:"::::::::m. ---:-"?--*-:-:::::*:::::::::.. s "*::::::::::::::::::::::.:::..:.........,.....
" "'"E::EEEEE:EEEEEE:::::E':::::::::::'. 5~:::3::*::,, ' ,:;:::::::::::::::-:-::'::::::::5;55;5;;555;:-;“
o ::;;;;;.- ::::::::.::5:;::::“_ ::::::::===:1'.===::==-=::===='::-: o e "-:::::,f,,,,, ',*::::::::::::::::.:.,',:..'::::::::;::::::::::::::::“
--.;“.-n;lllallllllll?ll’“i‘“"“ .,..;.;..-;mﬂillnnn:nnlllllnll]lln ““ l-:?lllm:il'.ill?l_ > - “:“--- .-:“--'--- :“-' - ‘ 1...";.,.;.;“;“;.;.-;.";;- -."--.- :“"-m“:“"
' n:::::::::::::::::: 1::u:H-'mm“--.-..-'l-"l-'l! ;“.x ., "':::::;::::::“ -"!xHl-"x!-::::-:::::::::::::::::::::::-m“-m“x"
o -.'-,. '"""'"""":::':.':-"::::::: s 2 -
":'::3:--:- "'22::::::::::::::::::- o : *':::::::::::,.,. 2 .,......--:::::::::::::::::::,.,.,.m.,,,.
a||nnll:::::::::::::::::a;l||auaall||a||aa:l||a;Ian:lanllnmllllm:lnlm:lmn III “- “‘:' "::::::::x:- "'F;““:.;;;“- "““'c: -. “-.m,““m- ;“x-..- :“ “m““m“" . ._! m““m """::::::".:::::::::-“““-“““““m““ﬂ ,.
'-::--.-!-l-l-.--!-l-"H-l-l---l!---....l:::::::::::. .:'. :::' : .- "."."“”“" "?‘*."?‘"?‘.?‘;?';-‘!_! ?ﬂi"!?lll ."H--:“:::::::::::::aa :!1-'::?' ) x anmenmmaxnﬂn " ::::::::::::mmmal ll.'"l?::l||||:|n;|nnn:lnal:ll:lﬂ?ﬂlﬂilllﬂlllll!?! R
LA n:|nn||:|n:|na||ll||n;|||an:|n;|naa:|:|a||aaiI?l::I':::::::::mmmlllllnm | -... “1- ::'l" .p.:-gmmnﬂ m-xm i ||1:P"t?li'l:::::'l::m:lml:mmlmxm :um-\: X HHHHHH!HHHIH:- 1 m““m““““m““ .:"--.l-!'.HH“m““m:m::::::::“ i
a|;l:lnllla|;l:la|llllll!llllll:l;.;|;|alil'l"""'::::l::nal:ln:“nlln:lnllanl al:lalllll:l. ": . .x;-::-:numl :lmla'.‘: '!l:::::nx-. .l.:-..-..- ..:.-..;.;“; .-'-rx - HHHHH:H:::;“H“ X aaa-aaaxxax#axllﬂﬂlﬂlll .-'--;‘"'--;‘-..-:::-::H"l-"-x",ﬂ.‘.!-
IlIlIlI":-:ﬂ:-lHIHIIIHIIIIIIIHI.:IIIIIII | | -a:-ex."l.:;. . L " maln . lnalllna:l:- | n:lxalmmx :-vm A A “:a:xmnmmxr 5 " -ummmmmxxmmmm .--.-!H--l:::::::::““m““m“““““
“-.:::::::::::::::i'lll?I?li'lli'l?l?li‘l?l?li‘lﬂlﬂ“"“"""""'“"““"" “““ .“..- - ; :. ..:!::" ’“ ": !.““.“.“ -ma:mmm:!mx-" “m 4 aaxxammmxx d IHHHHHHHHFHI:-:'.:..:H:-HFHIHIHIIHH A
. "'""""-""-.'-""'-.'--'l'--'“.“““““““m“-“ -.-:-“:::n. s - ! """"" """"““' ) o .“'““.“m:f‘ :;. W:mr H?l?lﬂﬂllﬂﬂ**"' ; "h.i
IiIllIllllliIlIiIlIIlIlllilllll?lilllilﬂlﬂﬂllﬂll .- .- ;o 50 ;‘-"- .:: -" ".-.:-. l?llllll'- -1_ o ““'.““ﬂ ,..;..m.“x;“m .- -.-H"x'xlanﬂnnﬂv’ ':“!H"Hx'm“"
ilﬂ:::::::::::: :...ll;l:la|;llla|;llnllla|:l:l!llllnlIl;lllnl:ln:lllll:laluamlamln l:l!l .:- :.: . "" ! ;“;-::! -:lnau nlll ll?lillilill!?d-i!.!x?lﬁ.xﬂl :“::xx l?l?lil?l?!?d?d-l' Px:: : ' & F'i"i"i"-'-'?l?l*F"?l"?¢*"?'?'"*:":::::-::::::::::::m““m““’“m“ 'mm“m“-m“
lIlIIlHIllIIIIlIIlHIlllllllﬂﬂlllﬂlllﬂllllll l.:l.:l -w-."x" n -. ]{lﬂ]ﬂﬂ]ﬂ!ﬂ""ﬂ'ﬂ?ﬂﬂﬂﬂ!ﬂ ""H"x‘# ’xxx’ "xx‘,’.‘-'""xx"";‘-";‘ i x""-l""-""?‘"-"-xl "’H"HHKHH““-P
“:::::::: : ."::::::::::::::::::::::::::::::::::::::::::::" ':'::::::: ' "‘::ﬂ:::- e "":i:::5::::::::- “::"* "':i::::::::;;,; .
i """"""""""""::::::::::::::::::::::::::::::::: :-:::-5":::::::::::::::::::“ i i ,.
e ln:l.":::::::::::::llmmmml l:lmllmmnnnml.:nnm ':::::::::::m “m““ m“““-““““ﬂn :!'.Ilil .-v:::::?““m’ )t vy
- nnllnnlnan:ln:lnalnllﬂamla limln:lmllllllllllml llI:l | auna;“n:“n:uua:uan-nlrv ananﬂauuxrnrnrxnﬂrrﬂ ?lx?l?l axnx-'-xrxrrr'l' x;|;|aanauaaanﬂxxxnﬂlllllﬂlﬂll .-";“-;“H“m“' -H-lH-lHxHx"lnx'x"m”“";“x"xx;pxpx"
~ ::::::::::::::::::::::::::::::z::::::::::::::::ﬂ” "::::::::::::::i::::::::::::*':":::::::'"'::** ""::** **::*::::::: “
™ i '"****'****:’:::::::;:;;::,,, e X
R -:--:::-::;;:_-;::;;;-:;;:::::;::;..........,.,,,,,..,.,,... 2 : -::::::::::::::: :::::::::::m,, e **:::::.
: .:.::E:::'::::::::::":::::::::::::::::::::::::EE:"E:" ":::::::::::::ﬂ*::::::::::;: ;::::::::::::EE::.. % i
;‘" :': > : o -|.|-|.- -""'H?l ' M Al
& ; "::-:'“:::::': .:::::::::::::::EEEE:::::::::::: “::::::::::’::“::::”'::P:E::EE:E::EE::J::::::::: -
II-' | Illllllll HHIIIIIIHH!H » IIIFFPFHHIIIHHH\!HHFFP l!?' v _-' l'?d ‘ .- l$- III?EHIII -H!"-"x?‘"-"- "'"H’ H"“m,l“"““xm""
] 'I“ .-.-.-.--- l::.--"x"'l-"m”“-l---x-.'m‘: . X i“'"¢?¢?‘"""'i“'"‘?‘l"?“"*"""’m‘”‘"“"’*" :“x"m':““ ."H:“ e . o ]
-': A ..-..--m“ ..---m”“-::::::::::::::::.: . "”"':"‘.”""""x”' ”H“H“P:"”“P:’:;:::t: v::; ! .x.:ax:lﬂ:? x . e -x-l-":":::::::::::::::::::lliIRIIIIHHIIIHIHHHIIHHI!HHHII‘ ?'lH?:iIl?li!F'?:I'Fx?!?xﬂﬂllﬂllﬂlﬂ:::::-"
i ....-.-H- .-.--.-"l- : ;‘-"HF?‘H"F?’. ;“l-"’vx xﬂx’. . : iy --.ll -. l-.- " HHHHHIHH ?dil'Hllﬂﬂﬂlﬂxﬂ?ﬂxﬂ??ﬂﬂxxﬂilﬂxﬂl
-‘ .. .-"-";‘-..-i‘.---;‘-"""-..--." .;‘H : xﬂ l-x?‘""xpx’v”‘"IWF"P’F“‘P’PIHR . :ll . .Hl-""-l" l " .- -- .'-I"-."--H'-'-."-. H"-x"-::::::::::::H?ElHIlilI:E?l?dHIlH?llH?E?lHHIIHFHHHFHHHHIHIIHIIHHP
':... o u =I'l"":::::::::::::::::::::::..::::. -ﬂw "'"""'""""'"‘"”“:::;::;:::v::;;:::::::p;:::::::::::: a‘i}.:..ﬂl.-
i : '“""" :
.' " : .. .---...--l-- .l-" .lnl ."l.:- "xpx’x’xxx’x""?‘"-' Hxﬂnx H""x'.""-".?.'" Il.:ﬂi‘lﬂ"ﬂlﬂlﬂ;"";‘- --.:-H-;‘-- .I"-I lIIIHlI'-'!iIH'-'lIil'R?llHIHR?llIl'Iil"-'lIHRlHRIlﬂllxﬂﬂﬂﬂl'ﬂﬂlﬂlﬂxﬂlﬂlﬂ!
"":"::::33:5::5:::::::::::"::,5 "'::::::::::::3:::::::-: :::::::::::E' '-._
; o ! x
':':'::"'5555:555555555:"25'-'- ’":::::f:-"f:::%EE.*EEEEE:"::EE“::W "'""E:
R '::E:::::ﬂ::ﬂ- 2 “-?555.“::::. ¢ ;b-'-:::i:-" i i "‘{-‘53_
o = .hiiﬁ? i : i **::,:-:::::::.. : "::::5:"-::" '-._'-.
""‘ . " '-IIIIIHIHII
:':-:::::::::. '=E=E'==:.. ":"E::-:EEEEE::.E: 7 _:_::'-.,_-. '-E:F-:E::E :-::::::::::::::::;E::::::::;;;5;;;5;;5;5555;:55555555555
. """“"'" .. .- . l?tl llilllﬂ.lill | Illl | Il llllll lllﬂlllllllllﬂll H‘-IIIRHIII !.--"-
» “..""“wm- u ..,. i . m:man-" . - o ::::':m::. .,.,. ,... - -.||.-||p|-||;|;|;|n.::l-:l:l:In?l.H!IlllIlll!IiIllli'l?!FIllﬂll::::::":::-!-.-."m‘
s ...n-uum-u » """"n - aam"lzl" e i _._.:. .___. t- .,..:::. Q o ....... ..:.-. -n-am -aa-nnaa-an-l:::““m:. “m““m
. ......““m- -m-- . ) w " .:mm u "':":_ l,.__“__:.____ . o y h. " e ......ana-a-anann-ammm:::_“““m“ _wm_“
“““nn“:n““““ ...-... . u""‘“ cl - .‘é " .“-““-. . ..,, u » -mna.:m.:m.:llllﬂ.:.:llll m““-“m“ “m““
....“."“““ ““1-“:-::. n .:. n:lnnu. n -am " lllll . l..-. . - - .... = wn ..::.. ..- .;“ ill?llll -““"mmlmmm ““.-..“
“.“.“.-“-“- L) 'I“ “"' ;|||;|- ..-.n ?lll o l'“l" n. n - - .;... -]l-lﬂllllll lil!lill'llll lIh ....-.
u“““““ T . l-“ll . . ..;.....:.. -..- ; e -n:wlln .::l - l:::::'l .::.:: . ut “-. .“-“m““.““““- ey e -
““uq-““ -y .:'II"I"I-“.:'I ol ““....“.“m ! -- " l-i:ﬂllllll - . . o . - ,l“. n n:"" ;..;.-.mnnmmll -mlll:: lﬂlﬂl“-
""““' .' ""- " . ;‘- - -."H"i‘-":.ll:!:.:. -. o .. -i‘-.-;‘-;‘- .h | | llll lll II | Illlllllll.:lllllﬂlllll Illl IIHHIIII
“1- . 1-“ “-““"“ﬂ A A lﬂll'-‘ililﬂ-a.:..'.::-:! N ll?l n lll.: " ) ll..llllll . e .::.n aln..mln ummnmnlnmlnlnl lﬂllill
) L) ) -“.u- v 'H' J ;.;.;.gmnuxp;;.-_:.g a Ililllll o . .'“- n = ! 'h. - ..l::....mama-nmlllllﬂ -ll: .?Il
v > -:':.::: "'-: ". ;.;mxammm e -an-I-l N " """@E" n n .... N .::.l"am- -a-l- u n ..-
. v “'" " ¥ n n .m:m-xn Y n lllllllllll n .“. H n .... -n:l- lilll u
“‘ “'“ . vor !l:"':l:"'l:lnﬂ:ra n Illllllllllll " Y ": n ..“. . % u l.: “.-. .: - -...
. “.“ i o wl- uy .-,...,..;.m.vmm.h ) n-amnl-l ", e o u “ e s e m i o .::::m
"‘“,:‘:::::“. "‘E.i%"' "::::“- || H?:ili.:ilxﬂil!:l!ﬂi!: :-::-ll::::::::::' l.- l.- .....-l.... .. ::-. u . .. -' ". .
““' '“ '::E-‘ ; "::E:I:H o :.::a:::::::lln I.::lil ll!mlall | lll | ..: 'ﬁ.:. :.:. . -.. “'l'h ... l-III
R --::"":" "'-:"' : '":::::::::::.:.:“'::..':; 2 S e 5 : R
“- "- l-I-I .-n- ...'IllI Hll-ll n mux- II.. n.:.u-:nnm.:mx - ““““-“-“ .m.. o " .:- . . . m b:a e -'“ |
"-. ":5:5:-51-"'.5'.. 5 -5::5::.,..,! EEE::.::5E;EﬁE:EEEEE:E:::::::;::g;;;;;ﬁ;;;g;:_ S _:_x___- ._;:_: -E'::ﬁ'
'-.-:E: : = :::";::,.::i"::::::::.::::::::::::::::.:. ._ . - e o 'E':E'::
"::555555553.;_ : -"-' i R e .._"".:",,._"--..--a : -.::"'- ='-==:
““ “‘“'ll " “::"- ..:- ': -:::: llmn . -::::a||l:E::.E::::::::aa||:|amaaxnmmmlm:ummml - . n 'IE l':'".::'
EEEE:. 'EEE:::. e '::-.: i ": :=-=-'==EF ::-=-:::::::=-:::-::E":::E:EEEEEEEEEEEEEEEEEEEEEEE§EEE:. 7 '-.,-:3:::- -:1';::'
iIH Ill | )
"::::':.EEE'::':-EEEEE::-% ='=:£ '"--=-"-.£-.-.-" : : a.;':-E.%: '::::::-.:"'
- -.,...' LJ -I-II-%: “' .. :l:ilﬂlllllllilllilllllﬂi! I?lllllllll Illlﬂllilllilllﬂllﬂl .hH::::::H":::::::;‘-:;‘"'-'-"H-H‘-m‘-. -- -' "::
Y o ., v, . ““‘ allnlnnxm:lmxmlmxmmn nnlm:l IIIHIHIIII:IIIH n ; ““m“m“““ “. " .
' ':”"'-;;:._ ".:__:
' L] ] I'II'I '.:' " -";‘-:":-n];lHl:lHi':iIlIllIlﬂ.lllillllllilﬂll]lilllillﬂ li!H?liIlIHRliIl?l?lllilﬂllllilﬂxilllil:."-'-"l .m“.-:“-- . "
' ".ﬂ'-‘ "h'""'-.-, :
- Al . .“ k A Imamn:uxama A
"::::.:':.:EE. : "":"-
| II , ﬂﬂ L
::::::::'- : -__
'-':5'::':4:" "'-.a"‘-._h S
.' -"" . -.- -;‘-'H lllilﬂ.ilﬂl?dﬂ?llllﬂﬂﬂlll -i‘.-;‘-xx""-"-' . '-IiIlH?ﬂHl?llH?ﬂHRHlHi'dHR?lllIHIﬂﬂﬂlﬂlﬂllxﬂﬂllﬂllﬂﬂllll .: I
" :E- “' amn:um:ummmmalm | o
"‘__ e
:- :::::l ."-.:-"’H--"-H'mlmmlﬂ::::::::::::::::: .:::::::::::::::::::ammmlamenmmxaa:lll:“n:l amlamlamln::::::.::::. ':h:
." -:" ..::l:::H::::::::::::::Hﬂlﬂlﬂﬂllﬂllxﬂlﬂll HIHII?l:x:ﬂ:-:n:x:-:-:n:-:n:-"-'--'- » .:.::.-
" “' Illll mmammlmm:u ax:|a:uaaxna:|aH:na:una-:n-:-x:|aa:|uxnmxr::::“““-““““ m“;““-““ “'“““““““- “““
- "‘ ‘:‘ IIIlHIIl?lIlIIIHIIIIIHIHHPHHIIHHIHPH HH?EHHFP‘!FHIHHIH!IIH -"xx!."m‘""‘-"""x-""l-l- llilllllﬂ?llﬂl.:ll - " "-
“‘"‘ - I'.Ilil ||lnx:unx:u||||:l:|n:!:-;:umxmnxnxxxxmxmﬂxmmﬂ m“ H“-..““. ... . &
R : ""==='=====' s : -:::
-““. % ... " .-- "m“ ;|;|;|;|;uxaxaxnxa;wrnanxaaﬂnlﬂﬂl: :nx:!nn:l||n:Ina|:l:ln:I||a|:l:ln:lna|:!nu:l:la|:l:lx:lnal:lu:lnamln:lnnxn.:nniln . “'
.ll'lll:",: :" . :. . .::::
RS ""= :
b A F ] 1
0 -."._ »
S X ____h. ~
-"- -:---
T G "'-.-. ['_L
l Illl aauannnaxxnxraxﬂaﬂnxﬂnﬂ ] g ;‘-'--;‘- ;‘- .
2 ﬂ "*'-”-’""*:::*::::::::::::::::";:'.:.:.:,..-:-.
.. l.:l | ..:I .hl":!:":x?!PHFHHHHIIIII"IHIIIHIIIH
; o : ':::::::::::::::::::,.:,,*:::::::::::::::::'::::ﬂ:::::::::::_i.;:
s 3‘{:::::::::::::::::::::::::::::::::::::::::::::.,:::::::::::_
- s '::'::::::::::::::::::::::::::::::......,.... ._
= o ..:- i ::'::::::::::::::::::::::::::::::::::::::.::::'::::
5 -.% i '::E:::::::::::::::::::::::::::::::::::::i:.:::
H -._ e e ':::::::::::::::::::::::::::;:::::::::
- ll. || .-lIHIllﬂlﬂﬂllllﬂﬂﬂlﬂﬂﬂﬂﬂlﬂll Ill::::::
e EE " ':':.'::::::::::::::::ﬁ::::......
::: - | | . '- .h llllllllllllﬂllﬂ!lll '-IIHHIIIIIH
.. illlilllﬂllilldlﬂl?lﬂﬂlilll
.- .:}.. .:.:::ﬂ:ﬂxﬂlﬂlﬂlﬂlﬂﬂﬂlllﬂﬂllﬂ
.:.. IHI:E "- I:hllllﬂﬂﬂlllﬂﬂllﬂlllllﬂ
| || ...-.. . Illillllllill?llﬂ::::::::-
lllill ) I- IHHIIBIIIIIH
" ll: lln:llla:llla:lnn:lxa:l:l
.'::h.. e -::lmmnlmmmma
S R -:'#':':::::5:::::::
fe = : ":.:::::::
:__::- e : "::::::
. * . ': "':.“
o :'..:-'=-:.:::::§
|-|-|| ::E“- .'
ll'll' IIIII
'Illl'll' -lliiiill
.:-““ 1-.::'
““u ] )
-“ . » !
-..-““-'
..:"-'
Hl-'
=



0}

g Ry Ry Ay B A B A B
I“I”I"I"ﬂ"l“"“"“l"\lll“"““““"“"““% “ﬁl-l
||
e
e
e e
e
A
lllllllllll EXE

l.l.l.l-l- B X K
A ..ﬁ ..._..ﬁ._. m

US 10,893,963 B2

llllllllllllﬂﬂﬂﬂllﬂlﬂl llllll

ll II IIIHIHHHIIIIII ““ Illlll l‘\-l“mﬁlh“ﬁl“ﬁl:&\'
e .

| ERREERN |
e

e e e e
.._......_......_.% mpwlel
e e e e e e e e e DT e
oo e e e e e e e
o ."."““..“..““..“..."““.1“..

| | | |

o et

e

ey Ear e

e

pap e e

|| .l-
R
SR
o

o o
= P
s % e

-._-._-._-._-._-._-._._
._-._-._-._-._-._- ._-
e
Ty ......" o
e ..-._- -._._"-

o 911

ll.i

I'
I-I-l-
"I"I-I:I:l:l:l..
A

i
I:I
|

l'

xr.x .xuxux
. T K

|
A

Al

Al
|
F |
o
E
A

X

i i
a"u:::a"n X
XN
.:x:x:n:x o
e A
i -
K

¢Ol

. x_x X XX X
g KA XK KRR K
A x_x K E XK
L M XN R
.FHHH HHHHIII lﬂlﬂlﬂ
3 x HIII IIII |

] E

)
E I

)

H

E N

Sheet 12 of 14

e

L
M
:x"x" 4
L NN
A
AN

)
A
i
M

|

|

n

...MHP.HHHHHH x
X

x
K
]
u Sa el

EEE llll "'-.'I-.'.'&.'"'

s

-II.I- " a2 / 5
et m - o
...."".u"..."...“..ﬁn%ﬁs = e ——
o e 0Cl
%ﬁ&.ﬁﬂ" e S 3 __
..%%._.._.._. e o .
l"lllllllll ll ll -'
...."...w%...x.ﬁ.““......aﬁ

CoConny

L )
HHE’.HHIHI“.‘.
T

et
- - .1..1._.._
m A e A e
- R e
o R e e a e P e
e
L m T A, 2,

A e m
e e

= A s
R e .....“%u..
e "".Lu....._. e
-

L
I
'n L |
A
|
- Al
Al
Al
- |
Fd ."H- A

]
M
A
|
£

-
o
]
EY

R P PR e R R A R A A R e e e e e
T T
N e T ERERER X XERRERRER
| xﬂn R e e R R R R
e i analaﬂamaaxnﬂa.:n.....n. i ) e e e
R A R R R R R X R R R R ER R J An TR o e N E
2 rx e ERE xR RER E R R X R X R X R i RN
AR R R R e R e R e R e R R R RN e
ZTRRERERRERRERRER XX RERERXER XX ERERXXERXER

e

vil

)
H
]

-
A A A
A A A A
AN
A
]
'
A
A_x M T
i i
Ml

" »
e e e e e e e i | A
e e | ey ettt
|| llllllllllllllllllllllllllll ;) IHHHﬂﬂxﬂlﬂﬂﬂlﬂlﬂlﬂlﬂlﬂlllﬂl X IHI i -
lllll Illlﬁﬁﬁ%ﬁﬁ I EEEESN HHH HHHlﬂﬂﬂﬂﬂlﬂlﬂlﬂlﬂlﬂlﬂlﬂlﬂﬂ ' lﬂl e HHHIHHHHHHHIHHIIII llll 5% ll
llllllllllll ll ll ll ll ll IHIHlﬂﬂﬂlﬂﬂﬂlﬂlﬂlﬂlﬂlﬂlﬂﬂﬂﬂ x IHI g x N Hﬂﬂlﬂﬂllﬂﬂllllllllllll ll
m II"H“HHH“H“HHH“HHH“H“H"H“H"H”HH X E XX H“I"H"I"l"l"llllllllll ll
A W R R R R e
' e ~ HHHHIHIHIH T T X XER Hlllllllnlllllllllllll -
HHIHIIIH"H X XX RER H“H"I"I"I"I"lllllllllll-
" i ““""...."“.._"“u“..._"..
s Pa"a"a"y

Jan. 19, 2021

[ e e e e e e e e e
oo
an:
LA

Y
ool
an:
LA
L
"

Y
.
a
"
o

0Ll

]

LOC
0cc

1487 ﬁ 0C

U.S. Patent



U.S. Patent Jan. 19, 2021 Sheet 13 of 14 US 10,893,963 B2

.:...:........-:.-.-.:..
e .-:-.E-:i’ﬂ:::__
ﬁ'-"-'- T

[ |

|| I.I.I.l I.I |

e e e
et

'-

110

IIIIII-III || : ..........
N AM AN AAA | J -] .'
Ay R

.: I-H-H-I-I-lnﬂlﬂll!' . ......
S

e
et
S a"a

Sataat e
fuaa

e

Sata"a"a"a

i

o
e N ) . gt

T -l:l!:?!:l:l:l:#:ﬂ:l:l: ! || | l. - .....I-I-lllllllll?‘l"
AN XM AMNAMNAN

S o

Mt e,

P

e

| :
F |
ey
i
IIIEI.I-
I.IIII
I.I!I!I
I.I.HI?EI
HEd I.

e

|
e
e,
e
e

.I-H‘H'I'IH

L

FIG. 6C

e
e

e ua e ey
Sa"ala

e

e

S

S
e

at

.I ...:HH"HH HI"H Mo M A M oA A A

I.:.I.I.I M A AN A A H!!xlxﬂxﬂllllll-h
||

i

e

=
I' .%..:-I"HHHxﬂ”ﬂ“ﬂ“ﬂ“ﬂx';!?"?!ﬂnﬂnlnl A A

..:I:l:I:l:H:ﬂ:ﬂ:ﬂ:ﬂ:ﬂ:ﬂ!’!:!:#:ﬂ:l:l l-I
HEAAAA AN MMM
BN A A A A N N M M A e N N A

>
I.I.I:lnﬂﬂﬂnﬂaﬂxﬂll.lﬂllﬂxﬂ I'Hlnﬂlil-l-l-

200

L |

-:-:':-: l':-:-:-:":":":":":": L]
A A A N AN NN NN NN L ]
M A AN A NN AN
oM A M A AN N N N N AN N ]
AAA AN A AAANN

.I-l.?l_ 1".‘!'!'!'!‘ |

e

)
e

2
T

a
L. J

o x
i )
2 x  aa
o aw a a
v

Ilﬂnﬂ -'-"-laﬂll
L | I"?l-?l A_A_A I-F a
A F |
a

A
A
A ANAA AN
| I:H:l M_A l:l
.l H-H-?l A III:'
A A AN AN A
| H:I:l | I:F_
BN A NN

-Hxllil.l A_M
H-H“I'H-lal A l-
A A A A A
M_a A s A A A A
| llﬂaﬂxﬂﬂlnlll -]
llﬂ ?lxﬂ"l-l-llﬂll
| X A A A A X
L | ?lﬂ?l-l-l-?l"l-.

A AN MK
"il-laﬂﬂﬂnl"l

)
L I | AN
E

»
y
R AL 'g;;x:g:x:':,' wamam . u
II:l:l:ﬂ:ﬂ:ﬂ:?ﬂ:?:?‘:ﬂ:x:x:": u ..-.-.‘E:.I-%
.I-HHH:IHH:H:H:;::":u:R L A o Sututun
| | | ...h

e

FIG. 6A

o
|
Fa
o

agal

e
.I

o

=
e

| |
S

o
o
uge
2

e

220
110
114

102

T
Iy SR

e

.I
o

|
S

| F

200

o N N N NN NN N NN NN
l.l.I'l.l.I!ll:'. Ny

L

I'

Rt

St

r

al ol "

o
W M M M M M M N M
L HI.IIIHIHI.!.- .

&l
o N N A
I

1.!!.!. I' I-I'I'

F1G. 6

x -..
iy ]
Al
S,
R S e
R oo ol

I-llllﬂlla .‘l-I-IH .

a
e

H l!
II.I
H I:I:-

A
i i i i
P AL AL e e
i e i e i i i e i e i

I.IIHHHHH J e IIIIIII.I
SR e
BN x N A AN A A AN N
ettt ottt ot ol ettt
- o e e e .

T
e ettt
I'I .l.l.ll?l?l?l?l?l?l?l?l

gt b

XN
-

A
XN NN KA N K MMM NN NN N

XXX
g
L g ]
-

X N N N K MK K N
M
e

e

I-I-I-I-I.IHIIHII!IEH:IH

Sataa
s




US 10,893,963 B2

Sheet 14 of 14

Jan. 19, 2021

U.S. Patent

L DA
054 a4im AIBAISP B} JO JUBLWIBAOW By} O}

asuodsal Ul JUswale sjqepuedxs 8y} jo uoniod B jo 8ousieiuInID e sfiejul

0vs Juswiae ajgepuedxe sy} Jo Juspuadapul aim AIDALBP 8} SAON
0E. uonenbyuoo pajueidu Ajjenied e ysyqelse

0] J9J8UIED 8y} UM JuBWwad sigqepurdxe 8yl JO uoiuod puoses B UIBJUIBIN

0. 19]8UJE0 Y} X8 0] JUsWeld sjgepurdxa ay JO UoIOd 1Sl B SAOWN

aiM AISAIBPD B puUR ‘JUsWsle
ojqepurdxs ue ‘1siayied e buiney woisAs AloAyap uoneiuridiul ue 9pInOid

L

OLZ



US 10,893,963 B2

1

STENT DELIVERY WITH EXPANSION
ASSISTING DELIVERY WIRE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a divisional of U.S. application Ser.
No. 16/056,065 filed on Aug. 6, 2018, the content of which

1s incorporated herein by reference in its entirety.

FIELD OF INVENTION

The present invention generally relates to methods for
interventional therapeutic treatment or vascular surgery for
treatment of defects 1n the vasculature, and more particularly
to delivering a stent to a treatment site 1 a body lumen of
a patient and opening the stent at the treatment site.

BACKGROUND

Stents are inserted into a blood vessel to provide an open
path within the blood vessel, and they have been widely used
intravascular angioplasty treatment of occluded blood ves-
sels and other applications. Stents can be self-expanding or
can be expanded by a radial force applied from inside the
stent, for example when the stent 1s fitted with a balloon.

A braided stent can be characterized by a tube of metal
wires woven together with a plain weaving technique.
During delivery to a treatment site, a braided stent can travel
through a catheter 1n an elongated, collapsed configuration,
having a small diameter, and the braided stent can enlarge in
diameter at a treatment site. Proper treatment with a braided
stent can require that the stent extend radially to the walls of
the body lumen 1n which the stent 1s implanted. Although
braided stents can be self-expanding, such implants typically
open with low opening forces, and therefore may not fully
open to conform to a vessel wall. Post deployment, ancillary
devices such as guidewires, catheters, balloons, etc. can be
used to cross the braid and attempt to further expand the
braided stent to improve vessel wall conformity. Issues such
as unintentional braid movement or inability to fully open
the braid commonly occur. Further, a braided implant that 1s
separated from a delivery wire cannot be recovered for
repositioning.

SUMMARY

It 1s an object of the present invention to provide systems,
devices, and methods for improving vessel wall conformaity
of a braided stent. Generally, an expandable element having
a distal anchor member at a distal end, a proximal anchor
member at a proximal end, and a braided intermediate
portion can be delivered to a treatment site through a
catheter by a delivery wire having a first, distal bump that
can be translated distally to push the distal anchor distally
and release the distal anchor upon exiting a distal end of the
catheter, a shaped segment that can be moved to apply a
radial force from within the braided intermediate portion to
expand the braided intermediate portion, and a second,
proximal bump that can be translated distally to push the
proximal anchor distally and expel the expandable element
from the catheter.

The delivery wire can also have a third, recapture bump
positioned proximal the distal bump and distal the proximal
bump that can be translated proximally to push the proximal
anchor proximally. A partially implanted expandable ele-
ment having a distal portion expelled from the catheter and
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2

released from the delivery wire and a proximal anchor
positioned within the catheter can be retracted by translating
the delivery wire proximally to push the proximal anchor
proximally, thereby pulling the braided portion and distal
anchor proximally into the catheter.

An example vascular treatment apparatus can include a
catheter, an expandable element, and a delivery wire. The
catheter can have an inner lumen through which the expand-
able element can be delivered by the delivery wire to a
treatment site. The expandable element can have a proximal
end, a distal end, a braided portion located between the
proximal end and the distal end, a proximal anchor member
disposed at the proximal end, and a distal anchor member
disposed at the distal end.

The expandable element can have a compressed configu-
ration dimensioned to fit within the inner lumen of the
catheter for delivery to the treatment site and a partially
implanted configuration when the expandable element 1s not
fully implanted at the treatment site. In the partially
implanted configuration, the proximal end of the expandable
clement can be dimensioned to fit within the inner lumen of
the catheter, and the distal end can be dimensioned larger
than the catheter.

The delivery wire can be disposed within and extend
through the 1nner lumen of the catheter and the expandable
clement, the expandable element having a substantially
tubular shape. The delivery wire can have a proximal
portion, a proximal bump member located at a distal end of
the proximal portion, a distal portion, a distal bump member
located at a proximal end of the distal portion, and a
shapeable portion located between the proximal bump mem-
ber and the distal bump. The shapeable portion can be
movable from a substantially straight configuration to a
curved configuration upon exiting the mner lumen of the
catheter.

The expandable element can be movable from the com-
pressed configuration to the partially implanted configura-
tion by a distal movement of the delivery wire which can
cause the distal bump member of the delivery wire to engage
with the distal anchor member of the expandable element
and push the distal anchor member distally. The distal
anchor member can be expelled from the catheter pushing
the distal anchor member out of the catheter with the distal
bump member.

The delivery wire can be moved distally, proximally, and
rotationally 1n relation to the expandable element 1n the
partially implanted configuration, and the shapeable portion
of the delivery wire can be moved to provide a radial force
from within the braided portion of the expandable element
when the expandable element 1s 1n the partially implanted
configuration.

The shapeable portion can be movable to at least one of
a symmetrical arc shape, an asymmetrical arc shape, or an
approximate “S” shape in the curved configuration.

The expandable element can be 1n the compressed con-
figuration and positioned entirely within the inner lumen of
the catheter. When the expandable element 1s 1n the com-
pressed configuration and positioned entirely within the
inner lumen of the catheter, the shaped portion can be 1n the
substantially straight configuration and can be positioned
within a lumen of the braided portion of the expandable
clement, the distal bump member can be positioned within
the lumen of the braided portion of the expandable element,
and the proximal bump member can be positioned proximal
the proximal anchor member.

The expandable element can be 1n the partially implanted
configuration such that the distal end of the expandable
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clement 1s positioned outside the catheter and the proximal
end and the proximal anchor of the expandable element are
positioned within the mner lumen of the catheter. When the
expandable element 1s in the partially implanted configura-
tion, the shapeable portion of the delivery wire can be 1n the
curved configuration and positioned outside the catheter, and
a rotation of the delivery wire in relation to the expandable
clement can expand a radius of the expandable element.

An example method for implanting a stent can include the
steps of: providing an implantation system comprising a
catheter, an expandable element, and a delivery wire; mov-
ing a first portion of the expandable element to exit the
catheter; maintaining a second portion of the expandable
clement within the catheter to establish a partially implanted
configuration; moving the delivery wire independent of the
expandable element 1n the partially implanted configuration;
and enlarging a circumierence of the expandable element 1n
response to the moving the delivery wire. The method can
turther include the steps of positioning a proximal anchor at
a proximal end of the expandable element; positioning a
distal anchor at a distal end of the expandable element;
positioning a distal bump on the delivery wire; positioning,
a proximal bump on the delivery wire proximal to the distal
bump; positioning the distal bump within a lumen of the
expandable element; positioning the proximal bump proxi-
mal to the expandable element; positioning the expandable
clement and at least a portion of the delivery wire within a
lumen of the catheter; and moving the distal anchor and the
expandable element distally through the lumen of the cath-
cter by pushing the delivery wire distally thereby pushing
the distal bump against the distal anchor; expelling the
proximal anchor from the distal end of the catheter by
pushing the delivery wire distally thereby pushing the proxi-
mal bump against the proximal anchor; and expanding the
expelled proximal anchor.

The step of moving a first portion of the expandable
clement to exit the catheter can include the steps of expelling
the distal anchor from a distal end of the catheter by pushing,
the delivery wire distally thereby pushing the distal bump
against the distal anchor; and expanding the expelled distal
anchor.

The step of moving the delivery wire independent of the
expandable element 1n the partially implanted configuration
can include the step of maintaining the proximal anchor
within the lumen of the catheter.

The step of enlarging a circumierence of the expandable
clement 1n response to the moving the delivery wire can
include the step of providing a radial force from the delivery
wire against the expandable element from within the lumen
of the expandable element.

The method can further include the steps of shaping a
portion of the delivery wire from a substantially straight
configuration to a curved configuration upon a distal move-
ment of the portion from within the lumen of the catheter to
a position outside the lumen of the catheter; sliding the
shaped portion of the delivery wire against the expandable
clement from within the lumen of the expandable element;
extending a portion of the expandable element to a wall of
a vascular by moving the shaped portion against the expand-
able element; and moving the second portion of the expand-
able element to exit the catheter and become implanted by
pushing the expandable element distally with a distal move-
ment of the delivery wire.

An example system for implanting a stent or other such
expandable element can include a catheter, a braided stent,
and a delivery wire. The braided stent can be movable to a
partially implanted configuration characterized by a portion
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ol the braided stent exterior to the catheter and a portion of
the braided stent within the catheter, and the delivery wire

can be movable independent of the braided stent and mov-
able to provide a force to open the braided stent when the
braided stent 1s 1n a partially implanted configuration.

The braided stent can be moved 1n a compressed con-
figuration through the catheter and can be movable from the
compressed configuration to the partially implanted configu-
ration. The braided stent of the system can have a first
expandable anchor at a distal end and a second expandable
anchor at a proximal end, such that, mn the partially
implanted configuration, the {first expandable anchor 1is
expanded 1n an 1implanted position distal to the catheter and
the second expandable anchor 1s compressed within the
catheter.

The delivery wire can be movable 1n a distal direction, a
proximal direction, and 1n a rotational direction independent
of the braided stent when the braided stent 1s 1n the partially
implanted configuration. The delivery wire can extend
through the braided stent when the braided stent is in the
compressed configuration and when the braided stent 1s 1n
the partially implanted configuration.

The delivery wire can include a pusher bump that can be
positioned proximal the second expandable anchor when the
braided stent 1s 1n the compressed configuration and when
the braided stent 1s 1n the partially implanted configuration.
The pusher bump can be movable to push the second
expandable anchor distally thereby pushing the braided stent
distally when the braided stent 1s 1n the partially implanted
coniiguration.

The delivery wire can include a shapeable segment that
can be positioned within the braided stent when the braided
stent 15 1 the compressed configuration and when the
braided stent 1s in the partially implanted configuration. The
shapeable segment can be movable from a substantially
straight configuration when the braided stent 1s in the
compressed configuration to a curved configuration when
the braided stent 1s in the partially implanted configuration,
and the shapeable segment can be movable independent of
the braided stent when the braided stent 1s 1n the partially
implanted configuration. The shapeable segment can be
movable to form an arc shape, an undulating shape, or other
atraumatic shape when 1n the curved configuration.

The delivery wire can include a puller bump positioned
distal the pusher bump and the shapeable segment and also
positioned proximal the first expandable anchor when the
braided stent 1s in the compressed configuration.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and further aspects of this invention are further
discussed with reference to the following description 1n
conjunction with the accompanying Figures, in which like
numerals indicate like structural elements and features in
various Figures. Images and drawings 1n the Figures are not
necessarily to scale, emphasis instead being placed upon
illustrating principles of the invention. As indicated, the
Figures depict one or more implementations of the inventive
devices, by way of example only, not by way of limitation.

FIG. 1 1s a drawing depicting an implantation system 1in
a delivery configuration according to the present invention;

FIGS. 2A to 2H are drawings illustrating steps for use of
an 1mplantation system according to the present invention;

FIGS. 3A to 3C are drawings depicting shapes of a
delivery wire portion according to the present mnvention;

FIG. 4 1s an 1image depicting a braided implant having a
segment poorly apposed to a vessel wall as known 1n the art;
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FIG. 5 1s an 1mage depicting an implantation system
during implantation according to the present invention;

FIGS. 6A to 6C are images 1llustrating steps for use of an
implantation system according to the present invention; and

FI1G. 7 1s a flow diagram outlining example method steps

for use of an apparatus or system for deploying an implant
according to the present invention.

DETAILED DESCRIPTION

In the following detailed description, numerous specific
details are set forth by way of examples in order to provide
a thorough understanding of the relevant teachings. How-
ever, 1t should be apparent to those skilled 1n the art that the
present teachings may be practiced without such details. In
other instances, well known methods, procedures, compo-
nents, and/or circuitry have been described at a relatively
high-level, without detail, 1n order to avoid unnecessarily
obscuring aspects of the present teachings.

An example of an implantation system 100, as illustrated
in FIG. 1 can have a catheter 102, an expandable element
200, and a delivery wire 106. The catheter 102 can have an
inner lumen 104, and the expandable element 200 can be
formed 1nto a compressed configuration that 1s dimensioned
to fit within the mner lumen 104 of the catheter 102. The
expandable element 200 can have a proximal end 202, a
distal end 204, a braided portion 206 located between the
proximal end 202 and the distal end 204, a proximal anchor
member 208 disposed at the proximal end 202, and a distal
anchor member 210 disposed at the distal end 204. The
delivery wire 106 can be disposed within and extend through
the inner lumen 104 of the catheter 102 and the expandable
clement 200 and can be used to deliver the expandable
clement 200 to a treatment site and position the expandable
clement 200 at the treatment site. The delivery wire 106 can
have a proximal portion 108, a distal portion 110, a proximal
bump member 114 located at a distal end of the proximal
portion 108, a distal bump member 114 located at a proximal
end of the distal portion 110, and a shapeable portion 112
located between the proximal bump member 116 and the
distal bump member 114. When the expandable element 200
1s 1n the compressed configuration for delivery through the
catheter 102, the shapeable portion 112 can have a substan-
tially straight shape that has flexibility to navigate through a
catheter 102 to a treatment site.

The delivery wire 106 can further include a recapture
bump 120 positioned between the distal bump 114 and the
proximal bump 116. In such a configuration, the delivery
wire 106 can include a segment 109 between the recapture
bump 120 and the proximal bump 116. Delivery, position-
ing, retraction ol an expandable element such as a stent
within a body lumen utilizing a delivery wire having a distal
bump member, proximal bump member, and a recapture
bump 1s the subject of another patent application filed
concurrently with this application.

One or all of the bump members 114, 116, 120 can include
a radiopaque material to allow the location of the bumps
144, 116, 120 to be readily visible during an implanting
procedure.

The one or more anchor members 208, 210, can be
projections which extend generally parallel to a longitudinal
axis ol the expandable element 200 and extend downward
toward the longitudinal axis of the expandable element 200.
The anchor members 208, 210 can serve as a radiopaque
marker for improved visualization during the deployment of
the expandable element 200 within the body lumen 10. The
anchor members 208, 210 can be used to align the expand-
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6

able element 200 so 1t can be pushed and pulled through the
catheter 102 without damage or deformation. The anchor
members 208, 210 can also be used to move the braided
portion 206 1into an expanded/implanted configuration. An
example of the anchor member 208, 210 can be found 1n

U.S. Ser. No. 15/299,918, the entirety of which 1s 1ncorpo-

rated herein by reference.

Typically, the expandable element 200 can have a com-
pressed configuration and an expanded, implanted, configu-
ration. In the compressed configuration the expandable
clement 200 can be dimensioned to fit within the inner
lumen 104 of the catheter 102. In certain examples, the
catheter 102 can aid 1n constraining the expandable element
200 so 1t does not expand when contained within the catheter
102. Other elements can be used to constrain the expandable
clement 200 as are known 1n the art.

The expandable element 200 can also have a partially
implanted configuration where the proximal end 202 is
dimensioned to fit within the inner lumen 104 of the catheter
102 and the distal end 204 1s dimensioned larger than the
catheter 102.

FIGS. 2A to 2H are drawings illustrating steps for use of
an 1mplantation system. When the expandable element 200
1s 1n the collapsed configuration, the distal bump 114 can be
positioned inside the expandable element 200 such that a
distal movement of the delivery wire 106 can cause the distal
bump 114 to push against the distal anchor 210, pulling the
expandable anchor 200 through the catheter 102 to a treat-
ment site. The distal bump member 114 can push the distal
anchor member 210 to expel the distal anchor member 210
from the catheter 102, thereby moving the expandable
clement 200 to a partially implanted configuration as 1llus-
trated 1n FIG. 2A.

Upon exiting the catheter, the shapeable portion 112 of the
delivery wire 106 can move from a straight shape to a curved
shape as 1llustrated i FIGS. 2A to 2H. The shapeable
portion 112 can provide a radial force from within the
braided portion 206 of the expandable element 200 when the
expandable element 1s 1n the partially implanted configura-
tion.

In an example, the entire delivery wire 106, including the
shapeable portion 112, can be made of stainless steel. In
other examples, the delivery wire 106 and/or the shapeable
portion 112 can be made of a memory shape material
including a memory shape metal such as Nitinol or a
polymeric memory shape material. The shapeable portion
112 can move from a substantially straight flexible configu-
ration while in the catheter 102 to a curved configuration
upon contacting bodily fluid when exiting the catheter 102.
Additionally or alternatively, the shapeable portion 112 can
curve to conform to the shape of a curved bodily lumen such
that distal and proximal movements of the expandable
clement 200, delivery wire 106, and catheter 102 can cause
the delivery wire 106 to move to provide a radial force from
within the braided portion 206.

As 1illustrated in FIG. 2A, during treatment, because
self-expanding braided implants may provide a low radial
force during implantation, at least some of the intermediate
portion 206 of the expandable element 200 may not fully
conform to the walls of a body lumen 10.

As 1illustrated 1n FIG. 2B, the delivery wire 106 can be
rotatable 1n relation to the expandable element 200, and the
rotation can cause the shaped portion 112 of the delivery
wire 106 to provide a force against the expandable element
200, pushing portions of the expandable element to conform
to the walls of the body lumen 10.
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As 1llustrated i FIG. 2C, the delivery wire 106 can be
movable 1n a distal and a proximal direction 1n relation to the
expandable element 200 without disturbing the placement of
the partially implanted expandable element 200. The distal
and proximal movement can also cause the shaped portion
112 of the delivery wire 106 to move against the expandable
clement 200, causing portions of the expandable element
200 to better conform to the walls of the body lumen 10.

As 1llustrated in FIG. 2D, the delivery wire 106 can be
subsequently rotated to improve conformity of the expand-
able element 200 to the walls of the body lumen 10.

As 1llustrated 1n FIG. 2E, when the expandable element
200 1s 1n the partially implanted configuration, the delivery
wire 106 can further be moved distally to engage the
proximal, pusher bump 116 with the proximal anchor 208.

As 1llustrated 1n FIG. 2F, further distal movement of the
delivery wire 106 can expel the proximal anchor 208 from
the catheter 102. Once the proximal anchor 208 1s expelled
from the catheter 102, the proximal anchor can expand to
engage the walls of the body lumen 10. Once the proximal
anchor 208 1s expanded, the expandable element 200 can be
disengaged from the delivery wire 106. As 1llustrated in FIG.
2F, portions of the expandable element 200 may remain not
completely conforming to the walls of the body lumen 10.

As 1llustrated 1n FIG. 2G, the delivery wire 106 can
subsequently be moved proximally to slide against portions
of the braid, resulting in better conformity to the walls of the
body lumen 10.

As 1llustrated 1n FIG. 2H, the delivery wire 106 can
subsequently be rotated, and the shaped portion 112 can
slide against portions of the braid, resulting 1n better con-
formity to the walls of the body lumen 10.

In the expanded configuration, as illustrated 1n FIG. 2H,
the expandable element 200 can be expanded to conform to
the dimensions of the patient’s body lumen 10. The
expanded dimension of the expandable element 200 allows
the apparatus 100 to pass therethrough, to either advance to
a second location or be withdrawn. The expandable element
200 can be expandable at least in part under 1its inherent
proprieties, based at least on its original shape and the nature
of the matenals that make up the element, and further
expanded by movement of the delivery wire 106 as
described herein. Examples of the expandable element 200
can be one of pear shaped, ovoid, and elliptical when at 1ts
expanded diameter. The construction of the expandable
clement 200 1s known to those of skill in the art. Other
embodiments are contemplated for expandable elements 200
of this disclosure and can also be observed 1n U.S. Pat. Pub.
2016/0058524, a reference that 1s incorporated 1n 1ts entirety
herein.

FIGS. 3A to 3C illustrate some potential shapes that a
shapeable portion 112 of the delivery wire 106 can have
when the expandable element 1s 1n a partially implanted
configuration. Arced, curved, “S” and “C” shaped are some
examples. In one example, the shapeable portion 112 pres-
ents an atraumatic section 113 to contact both the braided
implant 200 and possibly the wall of the body lumen 10.
This atraumatic section 113 mimimizes damage to one or
both of the implant 200 and lumen 10. Another example of
an atraumatic section 113 1s to minimize the amount of radial
force applied once the shapeable portion 112 deforms from
the straight to curved shape. Too much force, even applied
by an atraumatic shape 113, can still damage the implant/
lumen. Too little force or shape and the implant will not open
to 1ts full potential shape.

FI1G. 4 depicts a braided implant having a segment poorly
apposed to a vessel wall as known 1n the art. It 1s an object
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of the present invention to provide devices, systems, and
methods of treatment for improving conformity of an
implant to a vessel wall.

FIG. 5 depicts a partially implanted expandable element
that 1s a braided implant 200 having a distal end 204
positioned outside a catheter 102 and a delivery wire 106
positioned inside the implant 200, the delivery wire 106
having a distal coil 220 positioned distal the implant 200, a
distal bump 114 positioned inside the implant, a recapture
bump 120 positioned 1nside the implant 200 proximal the
distal bump 114, and proximal bump 116 positioned proxi-
mal the implant 200 1nside the catheter 102. The implant 200
as depicted i FIG. 5 has a poorly apposed portion 201 that
1s not extended to conform to the vasculature 10.

FIGS. 6A to 6C 1illustrate movement of the delivery wire
106 within the system illustrated in FIG. § to provide an
outward radial force from within the poorly apposed portion
201 and other portions of the implant 200 not fully apposed
to the walls to move those portions closer to the walls of the
vascular 10. Progressing from FIGS. 6A to 6B, the delivery
wire 106 can be moved distally to extend against an outer
curved portion of the implant 200 and/or to provide a
pushing force by the proximal bump 116 against a proximal
anchor (not shown) of the implant 200. Progressing from
FIGS. 6B to 6C, the dehvery wire 106 can be pulled
proximally to press against an inner curved portion of the
implant 200 and/or to retract at least a portion of the implant
200 into the catheter 102.

In the example 1illustrated in FIGS. 6A to 6C, the shaped
portion 112 of the delivery wire 106 can be flexible to curve
to the shape of a curved vasculature 10 and need not reshape
as a result of being made from a memory shape material. The
shapeable portion 112 can solely curve to conform to the
shape of a curved bodily lumen such that distal and proximal
movements of the expandable element 200, delivery wire
106, and catheter 102 can cause the delivery wire to move
to provide a radial force from within the braided portion 206.
In this example, the non-preshaped shapeable portion 112
can curve based on bringing the deliver wire 106 through the
inside of the curve and the outside of a curve of a vasculature
where the braided portion 206 1s to be implanted.

FIG. 7 1s a flow diagram outlining example method steps
for use of an apparatus or system for deploying an implant.
The method steps can be implemented by an of the example
means described herein or by any means that would be
known to one of ordinary skill in the art.

Referring to method 700 1llustrated i FIG. 7, 1n step 710
an 1mplantation delivery system having a catheter, an
expandable element, and a delivery wire can be provided.
The implantation delivery system can be any of the delivery
systems described herein having any combination of the
teatures described here, as well as any features that would be
known to one skilled 1n the art. In step 720 a first portion of
the expandable element can be moved to exit the catheter. In
step 730 a second portion of the expandable element can be
maintained within the catheter to establish a partially
implanted configuration. In step 740 the delivery wire can be
moved independent of the expandable element in the par-
tially implanted configuration. In step 750 a circumierence
of the expandable element can be enlarged in response to the
movement of the delivery wire 1n step 740.

The descriptions contained heremn are examples of
embodiments of the imvention and are not intended 1n any
way to limit the scope of the invention. As described herein,
the mvention contemplates many variations and modifica-
tions of the implantation system and methods of use thereof,
including various shapes of the shapeable portion of the
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delivery wire, various materials, various treatments, and
various stent geometries. These modifications would be
apparent to those having ordinary skill 1n the art to which
this invention relates and are intended to be within the scope
of the claims which follow.
The invention claimed 1s:
1. A method for implanting an expandable element com-
prising:
providing an implantation system comprising a catheter,
the expandable element, and a delivery wire;
positioning the expandable element and at least a portion
of the delivery wire within a lumen of the catheter;
moving the expandable element distally through the
lumen of the catheter by pushing the delivery wire
distally so that a distal bump extending from the
delivery wire 1s pushed against a distal anchor athixed
to a distal end of the expandable element;
moving a first portion of the expandable element to exit a
distal end of the catheter by pushing the delivery wire
distally so that the distal bump 1s pushed against the
distal anchor, the distal anchor 1s expelled, and the
expelled distal anchor i1s expanded, the first portion
comprising the distal end and the distal anchor of the
expandable element;
maintaiming a second portion of the expandable element
within the catheter to establish a partially implanted
configuration of the expandable element, the second
portion comprising a proximal end of the expandable
clement and a proximal anchor aflixed to the proximal
end of the expandable element;
moving the delivery wire independent of the expandable
clement while the expandable element 1s 1n the partially
implanted configuration and while maintaimng the
proximal anchor within the lumen of the catheter;
enlarging a circumierence of the expandable element in
response to the moving the delivery wire by providing
a radial force from the delivery wire against the first
portion of the expandable element from within a lumen
of the expandable element while the expandable ele-
ment 1s 1n the partially implanted configuration;
expelling the second portion of the expandable element
from the distal end of the catheter by pushing the
delivery wire distally so that a proximal bump 1s
pushed against the proximal anchor and the proximal
anchor 1s expelled from the catheter, the proximal
bump extending from the delivery wire and positioned
in a proximal direction 1n relation to the distal bump;
and
expanding the expelled proximal anchor.
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2. A method comprising:

positioning an expandable element and at least a portion
of a delivery wire within a lumen of a catheter;

moving the expandable element distally through the
lumen of the catheter by pushing the delivery wire
distally so that a distal bump extending from the
delivery wire 1s pushed against a distal anchor aflixed
to a distal end of the expandable element;

moving a first portion of the expandable element to exit a
distal end of the catheter by pushing the delivery wire
distally so that the distal bump 1s pushed against the
distal anchor, the distal anchor 1s expelled, and the
expelled distal anchor i1s expanded, the first portion
comprising the distal end and the distal anchor of the
expandable element;

maintaining a second portion of the expandable element
within the catheter to establish a partially implanted
configuration of the expandable element, the second
portion comprising a proximal end of the expandable
clement and a proximal anchor aflixed to the proximal
end of the expandable element;

shaping a portion of the delivery wire from a substantially
straight configuration to a curved configuration upon a
distal movement of the portion from within the lumen
of the catheter to a position outside the lumen of the
catheter while the expandable element 1s 1n the partially
implanted configuration;

expelling the second portion of the expandable element
from the distal end of the catheter by pushing the
delivery wire distally so that a proximal bump 1is
pushed against the proximal anchor and the proximal
anchor 1s expelled from the catheter, the proximal
bump extending from the delivery wire and positioned
in a proximal direction 1n relation to the distal bump;
and

expanding the expelled proximal anchor.

3. The method of claim 2 further comprising the step of

sliding the shaped portion of the delivery wire against the
expandable element from within a lumen of the expandable
clement.

4. The method of claim 2 further comprising the step of

extending a portion of the expandable element to a wall of
a vessel by moving the shaped portion against the expand-
able element.
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